It is difficult to achieve exact solution of non-linear PDE, directly 
Introduction
It may be regarded as a simple process to acquire the approximate solution by using the method of discretization in time which provides us to with a chance of reducing an initial boundary value problem to a system of boundary value problems which can be solved exactly or approximately [1] . In this study, approximate solution is obtained by applying well-known finite element method to each equation of the system. Let us consider the Burgers' equation as the model problem. It is 1-D non-linear parabolic PDE:
where U is the velocity, t -the time, x -the co-ordinate, and ε -the kinematics viscosity, ε > 0. Burgers' equation is transformed to heat equation through Hopf-Cole transformation, therefore exact solution can be obtained. Exact solution of the equation acquired was performed by Cole [2] . Burgers' equation is hyperbolic and parabolic for ε = 0 and ε > 0, respectively. Thus, it is hard to obtain a solution for small values of ε. For this reason, many researchers have used different methods to solve the Burgers' equation, such as finite element method, finite difference method, variational methods, and Adomian's decomposition method [3] [4] [5] [6] [7] [8] .
In this study, each of the non-linear ODE obtained by using the method of discretization in time from Burgers' equation was solved by the means of cubic B-spline finite element method. For different viscosity values at different time steps, the numerical results were comAuthor e-mail: nesligul.aksan@inonu.edu.tr S196 THERMAL SCIENCE: Year 2018, Vol. 22, Suppl. 1, pp. S195-S202 pared with the exact solutions. It is obvious that approximate solution converges to the exact solution. Moreover, it was recognized that the structure of the problem for small viscosity values were preserved.
Statement of the problems
Let us consider the Burgers' eq. (1) with the homogenous boundary conditions:
and the next initial conditions:
The model problem 1. The initial condition is: t n n n t n n a n n x U x t a a n x
where a 0 and a n (n = 1, 2, ...) are Fourier coefficients which are given:
The model problem 2. This problem was constructed by taking the initial condition (5) instead of the initial condition (2) in problem of eq. (1):
In addition, exact solution of the model problem 2 is also given by eq. (4), where Fourier coefficients a 0 and a n : ( )
The method of numerical solution
Model problems by means of the method of discretization in time was converted to the following problems for the successively value of j = 1, 2, . . . , p, the functions z j (x) which are the solutions of the problems:
0
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where z 0 (x) = U(x, 0) [1] . The boundary value problems of eqs. (6) and (7) can be solved either exactly or numerically. Since obtaining of exact solutions is difficult as j increases, it is preferable to solve the problem numerically. The finite element method gives systematics means of generating numerical solutions to a problem formulating of the model problems. Therefore, the cubic B-spline finite element method to solve each of the problems is applied.
The weak form of eq. (6) over interval [0, 1] is given:
where v(x) is weighted function. After a simple arrangement, we get:
where j = 1, 2, . . . , p.
In the finite element method, the interval [0, 1] is divided into N finite elements of equal length h by the nodes x i such that 0 = x 0 < x 1 < ... < x N =1. Set of splines {ϕ −1 , ϕ 0 , ..., ϕ N+1 } form a basis for the functions defined on [0, 1]. Cubic B-splines ϕ m (x) with the required properties are defined: (12) into eq. (9), we get:
where j = 1, 2, ..., p and k = 0, 1, ...,N. After some operations, eq. (13) becomes in the matrix form: ( ) 
The numerical results and conclusion
The non-linear systems, eq. (14), were solved for each j-value by using Newton method which rapidly converges to solution. Hence, Jacobian matrix in the algorithm of the Newton method is 7-diagonal matrix because of choosing the basis functions in the finite element method as cubic B-spline functions. System obtained for each j-value has been solved with a direct method. In the right hand side of the first system, D 0 was calculated by using composite Simpson's rule.
We consider the two model problems to show the efficiency of the given method. The numerical solutions obtained by this way have been compared with the exact solutions for various ε values at different times. The number of both divisions of the interval [0, T] and basis elements was increased to appreciate the numerical solutions. It is seen that as p is increasing numerical solution converge to the exact solution, tab. 2. Similarly, as the number of basic functions increase the numerical solutions converge to exact solution, too tab. 3. The numerical solutions obtained for 0.0001 ≤ ε ≤ 1 at different time steps were given by figs. 1-6 and tabs. 4-6. Obviously, it was found that the mathematical structure of problems for the obtained numerical solutions in very small values of viscosity (ε < 0.01) at different time steps did not change, figs. 4 and 5. The most fundamental difference of this study from the literature is that although larger ∆t and less number of base element are selected more good results have been obtained. This implies that the method used is very economics. The method of solution presented provides high accuracy. Finally, it can be used to solve Burgers'-like equations. 
